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Ferroportin Disease A: Mild Iron Overload with Mild
Hyperferritinemia Co-occurring with Hyperhepcidinemia
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Abstract:

This is a 10-year follow-up study of a family with ferroportin disease A. The proband, a 59-year-old man
showed no noteworthy findings with the exception of an abnormal iron level. The proband’s 90-year-old fa-
ther showed reduced abilities in gait and cognition; however, with the exception of his iron level, his bio-
chemistry results were almost normal. Brain imaging showed age-matched atrophy and iron deposition. In
both patients, the serum levels of ferritin and hepcidin25, and liver computed tomography scores declined
over a 10-year period. These changes were mainly due to a habitual change to a low-iron diet. The iron dis-

order in this family was not associated with major organ damage.

Key words: ferroportin, iron overload, reticuloendothelial system

(Intern Med 57: 2865-2871, 2018)
(DOI: 10.2169/internalmedicine.0481-17)

Introduction

The genetic backgrounds and molecular bases of iron
overload syndromes, including hereditary hemochromatosis
(HH), have been clarified over the last 2 decades (1-3). Fer-
roportin disease (FPD) is a new entity characterized by the
iron-induced activation of the reticuloendothelial (RE) sys-
tem with autosomal dominant inheritance (4, 5). The identi-
fication of the iron regulator, hepcidin, which is synthesized
in the liver, led to a novel concept of iron homeostasis un-
der healthy and diseased conditions (6). A subsequent study
indicated that the iron exporter ferroportin (FPN) in the RE
cells and enterocytes is a receptor for hepcidin, which regu-
lates iron homeostasis by the internalization of the hepcidin-
FPN complex (7). FPD differs from HH-in which false sig-
nals of iron deficiency suppress hepcidin synthesis in the
liver-in that FPD patients have the potential to secrete an ap-
propriate amount of hepcidin25. The altered FPN molecules
may therefore resist hepcidin to various degrees due to their

vessel-side expression (8). Based on the impaired hepcidin/
FPN system, FPD is classified as post-hepatic iron over-
load (9).

There are two phenotypes of FPD, which are associated
with mild and severe iron overload: FPD A occurs due to a
loss-of-function mutation of SCL40AI, while FPD B occurs
due to a gain-of-function mutation; both occur world-
wide (10, 11). The first Japanese case of FPD B involved a
43-year-old woman who showed chronic hepatitis with se-
vere compound iron overload in her hepatocytes and Kupffer
cells (12). She was heterozygous for Al117G in the
SLC40A1 gene, and was affected by diabetes mellitus (DM)
and general pigmentation. The second case of FPD B in-
volved a 66-year-old man with DM and severe iron overload
(serum ferritin>7,000 ng/mL) (13). A liver biopsy specimen
revealed peri-portal fibrosis associated with heavy iron over-
load in both parenchymal and Kupffer cells. A novel het-
erozygous mutation, D157G [470A>C/wild type (wt)], was
found in the SCL40A1 gene. None of the patient’s relatives
were affected by DM or chronic liver disease.
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Table 1. Laboratory Data of the Case 1 with Ferroportin Disease A in the Family.
Urinalysis Liver function Metabolics
Protein negative  Albumin 5.0 BMI 20.5
(negative) (3.9-4.9 g/dL) (20.0-24.0)
Glucose negative  ALT 17 Fasting blood glucose 97
(negative) (4-44 1U) (<110 mg/dL)
Urobilinogen +/- t- Bilirubin 1.0  HbAIC 5.0
(+/- or+) (<1.2 mg/dL) (4.6-6.5%)
ALP 127 TG 95
(104-338 IU/L) (45-149 mg/dL)
PT 95  LDL-C 86
(70-130%) (78-148 mg/dL)
CBC Renal function Iron parameters
WBC 45 BUN 133 Fe 153
(3.8-9.0x103/uL) (8.0-20.0 mg/dL) (44-192 pg/dL)
RBC 3.78 Creatinine 0.74  TF-saturation 43.5
(4.40-5.40x10%/uL) (0.60-1.10 mg/dL) (40-70%)
Hb 134 UA 4.1  Ferritin 479
(13.5-17.0 g/dL) (4.0-7.0 mg/dL) (15.0-160 ng/mL)
Ht 39.8 Na 140  Hepcidin25 37.5
(40-50%) (135-147 mEq/L) (7.84/-7.0 ng/mL)
Platelets 230 K 3.8
(150-400x103/uL) (3.3-4.8 mEq/L)
Cl 104

(98-108 mEq/L)

Data are presented in order to the test (upper line), normal range (left lower line in parenthesis), and result

(right lower line).
Abnormal values are presented in bold numerals.

ALP: alkaline phosphatase, ALT: alanine aminotransferase, BMI: body mass index, BUN: blood urea nitro-

gen, CBC: complete blood count, Hb: hemoglobin, Ht: hematocrit, LDL-C: low density lipoprotein-cholester-
ol, PT: prothrombin time, RBC: red blood cell, t-Bilirubin: total-Bilirubin, TF: transferrin, TG: triglyceride,

UA: uric acid, WBC: white blood cell

Mild hyperferritinemia and hyperhepcidinemia were associated with mild anemia in the 59-year-old proband

male member of the family. He also had hyperalbunimeia due to an unknown cause.

FPD A was first found in a Japanese family in which two
members, a male proband and his father, were affected by
mild hyperferritinemia, but free from iron-induced organ
damage (14). They were heterozygous for a novel missense
mutation, R489S (1,467A>C/wt), in the SLC40AI gene.
There were no mutations in genes associated with HH. Five
years later, we reported a close relationship between their
serum levels of ferritin and hepcidin25 using a new method
for determining the circulating hepcidin levels (15, 16). This
is the third report of the Japanese family with FPD A of
mild iron overload in the RE system and hyperferritinemia
co-occurring with hyperhepcidinemia. The elucidation of the
changes in iron parameters, including circulating hepcidin25,
and iron-induced organ damage that occurred over the dec-
ade after the diagnosis of iron disease may facilitate a better
understanding of the complex issues of iron cytotoxicity.

Ethical considerations

The protocol of this 10-year follow-up study, including
the hepcidin25 determination, was approved by the ethics
committees of Aichi-Gakuin University School of Pharmacy
and its affiliated hospitals (AGU SP No. 62). Blood sam-
pling was performed after obtaining informed consent from

each patient.

Case Reports

Case 1

The proband, a 59-year-old man received his 3rd medical
checkup for FPD A with R489S (1,467A>C/wt) in the
SLC40A1 gene, which had been diagnosed when he was 43
years of age (14). He was a retired paramedic of a general
hospital. His past history included mild anemia resistant to
iron removal. He was intolerant to blood donation and phle-
botomy due to the poor improvement of his post-blood re-
moval anemia. A new oral iron chelator, deferasirox, had
been discontinued within a week because of severe gastroin-
testinal problems (17). A bed-side examination revealed that
he was free from any signs of hemochromatosis, including
pigmentation. There was no abnormality of the cardiovascu-
lar system. Blood tests showed mild anemia, hyperferritine-
mia, and hyperhepcidinemia; other test results indicated al-
most normal function of the patient’s liver, kidneys, and en-
docrine system (Table 1). Findings on abdominal magnetic
resonance imaging (MRI), computed tomography (CT), and
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echography were mostly normal, although the liver and
spleen showed a slightly high density on CT (Fig. 1), indi-
cating mild iron overload in the RE system. His score on

Figure 1. Abdominal CT of the 59-year-old male proband.
The CT values of the liver and spleen are mildly elevated, sug-
gesting iron overload in the RE system; the other findings are

normal.

the revised Hasegawa’s dementia scale (HDS-R) was 30 out
of 30 points.

Case 2

The proband’s father, a 90-year-old man, received a
follow-up medical check for FPD A (14). A few years prior
to this, he had moved from his house to a nursing home,
where he was able to walk from his private room to the din-
ing room using handrails. A bed-side examination detected
mild hearing loss and poor articulation, and revealed mild
motor weakness of the four extremities without muscular ri-
gidity. Cognitive impairment was diagnosed based on an
HDS-R scale of 10 out of 30 points.

His body mass index was 23.0 and a urinalysis was nega-
tive for glucose. His blood pressure was 140/64 mmHg, and
his pulse was 60 beats/min with a regular sinus rhythm.
Electrocardiography (ECG) showed low-voltage T waves in
V4 and V5 with otherwise normal limits. Mild anemia was
associated with moderately increased levels of serum ferritin
and hepcidin25 (Table 2). With regard to metabolic parame-
ters, the patient’s HbAIC and triglyceride levels were

Table 2. Laboratory Data of the Case 2 with Ferroportin Disease A in the Family.

Urinalysis Liver function Metabolics
Protein negative  Albumin 43 BMI 23.0
(negative) (3.9-4.9 g/dL) (20.0-24.0)
Glucose negative  ALT 18 Postprandial blood glucose 131
(negative) (4-44 1U) (<140 mg/dL)
Urobilinogen +- t- Bilirubin 0.6  HbAIC 6.7
(+/- or+) (<1.2 mg/dL) (4.6-6.5%)
ALP 238 TG 212
(104-338 TU/L) (45-149 mg/dL)
PT 81 LDL-C 97
(70-130%) (78-148 mg/dL)
CBC Renal function Iron parameters
WBC 5.9 BUN 8 Fe 68
(3.8-9.0x10%/uL) (8-20 mg/dL) (44-192 pg/dL)
RBC 4.33 Creatinine 0.84  TF-saturation 24.5
(4.40-5.40x106/uL) (0.60-1.10 mg/dL) (40-70%)
Hb 12.9 UA 5.0  Ferritin 2,226
(13.5-17.0 g/dL) (4.0-7.0 mg/dL) (15.0-160 ng/mL)
Ht 39.7 Na 143 Hepcidin25 73.6
(40-50%) (135-147 mEq/L) (7.8+/-7.0 ng/mL)
Platelets 17 K 3.5
(15-40x10%/uL) (3.3-4.8 mEq/L)
Cl 104

(98-108 mEq/L)

Data are presented in order to the test (upper line), normal range (left lower line in parenthesis), and result (right

lower line).
Abnormal values are presented in bold numerals.

ALP: alkaline phosphatase, ALT: alanine aminotransferase, BMI: body mass index, BUN: blood urea nitrogen,

CBC: complete blood count, Hb: hemoglobin, Ht: hematocrit, LDL-C: low density lipoprotein-cholesterol, PT: pro-
thrombin time, RBC: red blood cell, t-Bilirubin: total-Bilirubin, TF: transferrin, TG: triglyceride, UA: uric acid,

WBC: white blood cell

Mild hyperferritinemia and hyperhepcidinemia were associated with mild anemia in the 90-year-old male family

member. One abnormal value was 6.7% HbA1C: mild glucose intolerance was first found in the member with a

23.0 BMI and 131 mg/dL postbrandial blood glucose, without glucosuria. Another was hypertriglycemia of un-

known origin.
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Figure 2. Abdominal CT of the proband’s 90-year-old fa-
ther. The CT values of the liver and spleen are mildly elevated,
suggesting iron overload in the RE system. The other findings
are normal, similar to the proband.

Figure 4. Brain MRI of the proband’s 90-year-old father. T2-
weighted MRI shows a high signal intensity in the striatum,
indicating small metal deposits in his brain. Cortical atrophy
appears mild, and right dominant enlargement of the sylvian
fissure is observed, suggesting ipsilateral lobe atrophy. Dilata-
tion of the lateral ventricles and the third ventricle was also
confirmed on MRI. Based on the comparison of the images to
those of a 90-year-old control, these atrophic findings were
considered to be aging-related changes.

slightly high, but liver and renal function tests yielded
mostly normal results. Abdominal CT showed that the den-
sity of the liver and spleen was slightly increased (Fig. 2),
indicating mild iron overload of the RE system. Brain CT
showed right-dominant atrophy of the temporal lobes and
marked atrophy of the hippocampus and amygdala, but oth-
erwise normal findings (Fig. 3). MRI indicated small metal
deposits in the striatum (Fig. 4). Cortical atrophy was mild,
and right-dominant enlargement of the sylvian fissure sug-
gested ipsilateral lobe atrophy. Dilatation of the lateral ven-
tricles and third ventricle was also confirmed on MRI. These
atrophic findings were considered to be aging-related
changes based on the comparison of the patient’s brain im-

Figure 3. Brain CT of the proband’s 90-year-old father. The
image shows right dominant atrophy of the temporal lobes and
marked atrophy of the hippocampus and amygdala, but an
otherwise normal brain.

ages with those of a 90-year-old control.

The iron parameters of the affected members during
the 10-year observation period

During the 10-year observation period, the patients did
not receive any treatments (i.e., long-term chelation or re-
peated phlebotomy) for associated asymptomatic iron over-
load. Both patients were free from any signs of iron over-
load disease throughout the observation period. Their iron
biochemistry parameters remained characteristic of FPD A:
mild hyperferritinemia, an appropriate level of circulating
hepcidin25, and no damage to the iron-sensitive organs. In
comparison to the initial data, the most recent iron parame-
ters and hepatic density based on CT revealed a slight re-
duction over the 10-year period (Table 3). The serum ferritin
levels fell from 696 to 479 ng/mL in the proband and from
2,639 to 2,226 ng/mL in his father. Their serum levels of
hepcidin25 showed similar changes. As a result, there was a
correlation between the serum levels of ferritin and hep-
cidin25: Y (hepcidin25, ng/mL)=0.044 x X (ferritin, ng/mL)
+ 10.8, R2=0.88. Non-specific mild anemia remained in the
father, and similar anemia appeared in the son. Mild glucose
intolerance was first noted in the father at 90 years of age.

Discussion

FPN, with its dual functions of an iron exporter and a
hepcidin receptor, plays a central role in post-hepatic iron
overload syndrome (9). The interaction between hepcidin
and the genetically altered molecules of FPN may determine
the clinical features of the patient: phenotype A is associated
with a loss-of-function mutation, while phenotype B is asso-
ciated with a gain-of-function mutation (10, 11). During the
10-year follow-up of our family with FPD A, the serum lev-
els of ferritin declined along with the serum hepacidin25
concentrations. Liver CT suggested that the iron deposits
were reduced in comparison to a previous study. There was
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Table 3. Iron Parameters and Hounsfield Units of the Livers of the
Family Members with Ferroportin Disease A.
Proband Father
Ages when tested 49 yr 59 yr 81 yr 90 yr
Hb (13.7 - 16.8g/dL) 14.4 13.4 13.4 12.9
Serum Ferritin (15.0 - 160.0ng/mL) 696 479 2,639 2,226
Serum Hepcidin25 (7.8+/- 7.0ng/mL) 42.5 37.5 155 73.6
Hepatic CT (50 - 65HU) 74 70 no test 78

CT: computed tomography, Hb: hemoglobin, HU: Hounsfield units

Serum hepcidin25 levels were appropriately high parallel to their hyperferritinemias. In
addition, these iron parameters reduced slightly in the second tests. Note the correlation
between serum levels of ferritin and hepcidin25: Y (hepcidin25)=0.044xX (ferri-
tin)+10.8, R2=0.88. Hepatic CT units were moderately high in both members, suggest-
ing mild iron overload in their livers. Based on these data, their iron overload conditions
were improved over the 10-year observation period. However, mild anemia remained in
the father, and appeared in the proband.

These unexpected results on the natural history of a genetic iron overload syndrome
may have been mainly due to a habitual change to a low iron diet after being diagnosed.

Table 4. Japanese Patients with Hereditary Iron Overload Syndromes and Their Characteristics.

Category Disease Entities* Major Phenotypef® Subtypef® Remarks
Pre-hepatic Iron loading MDS Hereditary hemolytic anemia Triad of anemia, iron
anemias (0) and hereditary sideroblastic overload, and
anemia hypohepcidinemia
Aceruloplasminemia DM/Brain disease DM alone Low levels of Hb, transferrin

(a major genotype)

(59 yr, F, 885 ng/mL, 32 IU/dL,
10.3 ng/mL)%

(44 yr, M, 961 ng/mL,
42 TU/dL, 2.7 ng/mL)?

saturation, and hepcidin25
No liver disease

Hepatic

HFE, C282Y, homo.
(D

HFE, Y231del, homo.

)]
TFR2

(a major genotype)

HIV
(a major genotype)

Classical HH with the triad
(65 yr, F, 5,660 ng/mL,

76 1U/dL)2

Classical HH with the triad
(43 yr, M, 1,698 ng/mL,

52 1U/dL, BDL)2D
Classical HH with the triad,
the most severe case

(40 yr, M, 10,191 ng/mL,
48 IU/dL, 12 ng/mJ)*
Juvenile HH with the triad plus
cardiac disease and
hypogonadism

(13 yr, M, 16,000 ng/mL,
122 TU/dL)?

A large number of Caucasians
free from iron disease

Classical HH with the triad,
the most mild case

(49 yr, M, 1,057 ng/mL,

34 1U/dL, 2.8 ng/mL)*
Classical HH with the triad
(48 yr, M, 6,115 ng/mL,
109 IU/dL, BDL)?

A major HH in Caucasians

The gene of Huh-7 derived
from Japanese hepatoma

A wide range of iron loading

Split phenotyping maybe due
to mutant and diet.

HAMP Juvenile HH with the triad plus No hepcidin molecules
(1) cardiac disease and detected in the Japanese
hypogonadism patient
(26 yr, M, 3,000 ng/mL,
104 TU/dL, BDL)*
Post-hepatic ~ FPD, SCL40A1, Loss-of-function Type A Gain-of-function Type B with Activated RE cells
hetero. (49 yr, M, 696 ng/mL, DM, CAH, and pigmentation Mutant-dependent phenotypes

Type A (2) and B (2)

24 1U/dL, 42.5 ng/mL)"

(66 yr, M, 7,980 ng/mL,
44 TU/dL, 157 ng/mL)

MDS: myelodysplastic syndrome, HH: hereditary hemochromatosis, DM: diabetes mellitus, RE: reticuloendothelial, HH with the triad: hereditary hemochroma-

tosis with DM, cirrhosis and pigmentation, CAH: chronic active hepatitis

#a; The number of Japanese patients reported and comments are cited within the first parentheses.

#b; The clinical and biochemical data of a representative patient with the phenotype are presented in order of the age (yr), sex (M: male; F: female), serum ferritin

(ng/dL), alanine aminotransferase: ALT (IU: international units) and hepcidin25 (ng/mL) in parentheses. Some patients lacked the most recent figures for hepci-

din25.

Ref. #; Reference No. cited in the test.

Exceptionally, there were no data available for Japanese patients with iron loading anemias in our liver disease laboratory.

Iron-induced organ damage shows a wide range, from the 5 diseases of juvenile HH to asymptomatic FPD A. Anemia in iron loading anemia is partially due to

genetically impaired erythropoiesis caused by toxic iron in the bone marrow, while mild anemia and intolerance to blood donation and phlebotomy in FPD A

may not be due to iron toxicity, but the disturbance of iron transport in the bone marrow.
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no evidence of major organ damage in the affected members
with the exception of gait disturbance, cognitive failure, and
mild glucose intolerance in the proband’s elderly father. His
age-matched brain images should be differentiated from
neurodegeneration due to the accumulation of iron in the
brain (18). DM, which was noticed at 90 years of age,
might have been iron-induced disease; however, it did not
require medical treatment (19).

As summarized in Table 4, there have been few reported
cases of Japanese patients with genetic iron overload syn-
dromes and most such patients show non-HFE geno-
types (9, 20, 21). These patients show a wide range of the
clinical features from 5 types of organ damage associated
with DM, cirrhosis, pigmentation, cardiac disease, and hypo-
gonadism in juvenile HH to no major organ damage in FPD
A. The combination of organs affected differs depending on
the responsible gene, disease-causing mutant, and age-
dependent stage at the time of the diagnosis. The serum fer-
ritin level is a reliable marker of the body’s iron store, but it
is markedly affected by age, sex, liver disease activity, and
the iron regulatory hormone hepcidin25. Thus, the prognosis
of patients with iron overload conditions should be assessed
based on the genotype and its subtype (2, 3). HH, when not
diagnosed, may progress from cirrhosis to hepatoma; thus,
patients with traits associated with HH should be carefully
examined and phlebotomy should be performed to treat HH
when it is diagnosed. Since patients with aceruloplasmine-
mia (ACP) or FPD associated with mild anemia are intoler-
ant to phlebotomy (11, 22), it is especially important to
screen for individuals with these disease traits at the early
stage of iron overloading. The determination of serum fer-
ritin levels in adolescents is the first test to screen for pa-
tients with iron overload (16). In the case of ACP, the sec-
ond test is to measure the circulating ceruloplasmin (CP)
level, followed by the final diagnostic test for the CP
gene (23). In the case of FPD, the second test is for the cir-
culating hepcidin25. When the level is appropriately high,
an SLC40AI gene analysis should be performed, followed
by phenotyping, to determine whether the phenotype is A or
B (11). The clinical features of our family members, who
remained free from major organ damage during the 10-year
follow-up study period, strongly supported the presence of a
subtype of type A. When the findings are questionable, a
functional analysis of the mutant gene (24) and the predic-
tion of the protein function using amino acid substitu-
tion (25) are available for the differential diagnosis. Consid-
ering that the anemia of the family members did not im-
prove, even after the improvement of the iron state, erythro-
poiesis might have been impaired by the restricted utiliza-
tion of iron, and not by toxic iron in the bone marrow. The
anemia of the patients was asymptomatic and did not reduce
their activities of daily living.

The natural improvement of the iron states of patients
with genetic iron overload syndrome may be excep-
tional (2, 3). The results of the follow-up study may suggest
the mildness of the FPD A in the present case was due to a

loss-of-function mutation, R489S (1,467A>C/wt), in the
SLC40A1 gene. Another mutation, R489K (1,466G>A/wt) at
the same locus as our family, was identified in a large fam-
ily with FPD A (26). The habitual diet of our family mem-
bers might have been an additional factor. The proband, a
retired paramedic of a general hospital, could not tolerate
phlebotomy or an oral iron chelator; thus, the family mem-
bers had changed to a low-iron diet after the diagnosis of
iron disease. The body’s iron balance may have been posi-
tive for the first 49 years of the proband’s life and negative
in the most recent 10 years, while it might have been posi-
tive for the first 81 years of his father’s life and negative in
the most recent 10 years; the longer period of the positive
phase might have resulted in a heavier iron overload in the
father. Further cases should be accumulated to confirm the
importance of the genetic diagnosis and phenotyping in
FPD, and to determine whether some patients with the FPD
A who have mild anemia and intolerance to phlebotomy can
avoid intensive treatment (11).

In conclusion, the minimal damage to the iron-sensitive
organs in our family members suggests that some cases of
FPD A may be benign rather than pathological.

The authors state that they have no Conflict of Interest (COI).
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